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BACKGROUND 
 
Although the vendace (Coregonus albula) was introduced from Bassenthwaite Lake to Loch 
Earn 19 years ago as a conservation measure, its establishment has only recently been 
demonstrated through the capture in 2005 of a single specimen aged 5 years. It is likely that 
the population size of this refuge population of vendace is small because netting for other 
species in Loch Earn in recent years failed to capture any. Consequently, a hydroacoustic 
survey with complementary survey gill netting was felt to be necessary to locate vendace at 
this relatively large site and to provide an estimate of the size of the population and the 
status of other species in the loch. 
 
Hydroacoustic surveys were carried out during the day and night of 3 September 2007. 
Associated gill netting, using standard Norden survey nets and benthic nets appropriate for 
adult Vendace, was carried out from 3-6 September. 
 
MAIN FINDINGS 
 
 The night-time population density of all sizes of fish had a geometric mean of 116.3 
fish ha-1. Of these fish, 83% were classified as small (40-99 mm in length), 12% as 
medium (100-249 mm) and 4% as large (250 mm and greater). No echograms 
showed signs of vendace presence, judged on extensive experience of hydroacoustic 
surveys for this species. However, such features can only be taken to be indicative 
and are not definitive - they are only likely to be apparent if significant numbers of 
vendace are present. 
 
 During offshore gill-netting using standard survey nets, a total of 52 fish of four 
species was sampled comprising three Arctic charr (Salvelinus alpinus), 31 brown 
trout (Salmo trutta), 14 rainbow trout (Oncorhynchus mykiss) and four three-spined 
sticklebacks (Gasterosteus aculeatus). No vendace were recorded, despite extensive 
spatial coverage and a high sampling effort.  Combination of the hydroacoustic and 
gill-netting data gave species-specific population estimates within the offshore fish 
community of 7.0 fish ha-1, 69.8 fish ha-1, 31.4 fish ha-1 and 9.3 fish ha-1 for Arctic 
charr, brown trout, rainbow trout and three-spined stickleback, respectively. 
 
 Benthic netting with meshes specific to adult vendace caught 116 Arctic charr and 1 
rainbow trout. Analysis of the stomach contents of the fish netted and the vendace 
caught previously indicated substantial differences in diet. Ages and growth rates of 
Arctic charr and brown trout were normal compared to previous studies of these 
species in oligotrophic lochs. 
 
COMMISSIONED REPORT 
Summary 
 iii 
Neither the hydroacoustic nor the gill netting surveys produced any indication of a substantial 
vendace population in Loch Earn, although the overall fish abundance was within the range 
previously reported for salmonid-dominated lochs.  
 
 
For further information on this project contact:  
 Dr Colin Bean, Scottish Natural Heritage, Caspian House, Clydebank Business 
Park, Clydebank G81 2NR 
 
For further information on the SNH Research & Technical Support Programme 
contact: Policy & Advice Directorate Support, Scottish Natural Heritage, Great Glen 
House, Leachkin Road, Inverness,  IV3 8NW.  Tel: 01463-725000 ;  e-mail 
pads@snh.gov.uk. 
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1. INTRODUCTION 
 
1.1 The vendace 
 
The vendace occurs in many lakes in north-west Europe, from northern Scandinavia and 
north-west Russia in the north to Bavaria further south and from north and south of the 
Solway in the west to western Russia in the east. Though this is mainly a lake species, some 
populations also occur in the Baltic Sea, migrating into fresh water to spawn.  In the British 
Isles it has been known from only four lakes. Two of these are in Scotland, the Castle and 
Mill Lochs (where the Lochmaben vendace was originally described as a distinct species and 
subspecies - Coregonus vandesius vandesius Regan), and two are in England, 
Bassenthwaite Lake and Derwent Water (originally known as the Cumberland vendace - 
Coregonus vandesius gracilior Regan). 
 
The population in the Castle Loch, Lochmaben became extinct at the beginning of the 20th 
century and none has been recorded since shortly after a new sewage works was opened 
there in 1911 (Maitland & Lyle 1992). However, though it was also presumed extinct in the 
Mill Loch by Dottrens (1958) the discovery of vendace in the stomach of a pike Esox lucius 
encouraged further research and specimens were finally caught there in 1966 (Maitland 
1966) and in subsequent years.  However, in spite of attempts at the time to save this 
population, none has been seen since the late 1970s, and the species is now regarded as 
being extinct there too. 
 
The vendace, over its whole range, seems to occur in lakes of any size from a hectare or so 
upwards. These lakes are often quite rich and are rarely exceedingly oligotrophic. Depth 
seems to be not too important, though probably several metres is needed giving freedom 
from summer heat stress and oxygen stress as well as winter kill. Strong competition and/or 
predation from pike, perch Perca fluviatilis, roach Rutilus rutilus and other species is probably 
harmful unless a good deep, open water niche is available. The size of individual populations 
seems to fluctuate greatly from time to time for reasons which are uncertain but may be 
related to intraspecific competition for zooplankton between juvenile fish and adults (Winfield 
et al. 2007). 
 
1.2 Vendace translocations 
 
By the 1980s, the vendace was (and still is) the rarest freshwater fish in Great Britain with 
breeding populations restricted to two waters in Cumbria, namely Bassenthwaite Lake and 
Derwent Water. There was, however, concern over the future status of the vendace in 
Bassenthwaite Lake due to pressures from increasing eutrophication and the introduction of 
coarse fish. Because of these concerns, as well as a desire to restore this species to 
Scotland, work on vendace was initiated by the Nature Conservancy Council [NCC] in 1986 
as part of a more general programme on the conservation of threatened native fish in Great 
Britain (Maitland & Lyle 1990, 1991, 1992; Lyle & Maitland 1992). 
 
Special attention was given to vendace in Bassenthwaite Lake and in early December 1988 
Swedish mixed mesh gill nets were used to catch vendace in Bassenthwaite Lake (Maitland 
& Lyle 1990).  The catch included three ripe females and these were stripped and the eggs 
fertilised with milt from about 10 males. These eggs were then incubated at the Fish 
Conservation Centre, Stirling and the Institute of Terresrtrial Ecology, Penicuik. 
Unfortunately, there was no provision made at the time for selection of an introduction site 
and in the spring of 1989 8,379 unfed fry hatched from these eggs were introduced to Loch 
Earn. Subsequently, although no special search was made for vendace in Loch Earn, netting 
for other unrelated projects (Alexander & Adams 2000;  A. Walker pers. comm.; S. Wallace, 
pers. comm.) seemed to indicate that the introduction had been unsuccessful. 
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Subsequently, as part of its Species Action Programme in 1996, Scottish Natural Heritage 
[SNH] commissioned a project to re-introduce vendace to Scotland using material from the 
Cumbrian stocks. The first phase of that work was the selection of suitable introduction sites 
in SW Scotland. From 110 sites examined there, only two were found to be suitable - Daer 
Reservoir and Loch Skeen. To maintain genetic integrity, only vendace from Derwent Water 
were to be used to supply Daer Reservoir, and only vendace from Bassenthwaite Lake were 
to be used to supply Loch Skeen. In 1997 and 1999 the translocation programme delivered a 
total of some 65,000 fry and eyed eggs to Loch Skeen, and in 1998 12,800 fry to Daer 
Reservoir. The site selection and translocation programmes are fully reported in Lyle et al. 
(1996, 1998 & 1999). 
 
In 1999 the Environment Agency commissioned a translocation feasibility study to locate 
sites for vendace introductions in Cumbria. Of 87 sites examined, none were found to be 
immediately suitable (Lyle & Winfield 1999). Consequently, the Scottish waters are now 
regarded, in their own right, as extremely important for the conservation of vendace and also 
as sites for safeguarding the Cumbrian stocks. 
 
Sampling was carried out in July 2003 to check the status of the vendace introductions in the 
1990s, using standard mixed mesh gill nets at both locations. No vendace were found at 
Daer Reservoir but 55 vendace were collected at Loch Skeen (Maitland et al. 2003). Brown 
trout Salmo trutta and minnow Phoxinus phoxinus  were also found at both waters. 
Subsequent sampling at Loch Skeen indicated that a large population of vendace is now well 
established there (Lyle et al. 2008). 
 
1.3 Loch Earn 
 
Loch Earn is one of the larger Scottish lochs, with a surface area of 1,013 ha, a maximum 
depth of 87.5 m and a mean depth of 42.0 m. It has a length of 10.4 km and an average 
width of about 1 km. The total catchment area is some 141 km2. Notable features potentially 
affecting its ecology are a fish farm for rainbow trout (Oncorhynchus mykiss), a large caravan 
park, and several water sports centres which operate jet skis and speed boats. The power 
station at St Fillans (21 MW), which discharges into Loch Earn near its outflow, receives 
water, not only from its own northern catchment, but also from the Lednock and Almond 
catchments. 
 
Loch Earn has been the focus of several previous studies. The bathymetry of the loch was 
originally mapped by Murray & Pullar (1910). Subsequently much of the classic early work on 
loch temperatures and temperature seiches was carried out here by Wedderburn (1912). 
Loch Earn is a well known by anglers as an important trout loch (Sandison 1983). The study 
of Arctic charr (Salvelinus alpinus) from Loch Earn started in the 1950s, with an analysis of 
morphometric characters (Friend, unpublished data). Comparative studies of the 
morphometry and ecology of Arctic charr here and in two other lochs were published by 
Barbour (1984a, 1984b, 1987, Barbour & Einarsson 1987), whilst, more recently, samples of 
Arctic charr from Loch Earn featured in the multi-loch study by Alexander & Adams (2000). 
 
1.4 Vendace in Loch Earn 
 
In October 2006 Alisdair MacDonald and Stuart Wallace of the Fisheries Research Services 
Fish Health Inspectorate [FRSFHI], Aberdeen, were carrying out a disease survey of wild fish 
from Loch Earn. Alex Murray from the Drummond Estates fishery there passed on a frozen 
fish that had been reportedly caught by an angler on the loch the previous year. That the fish 
had been caught on Loch Earn was felt to be reliable and at the time it was thought the fish 
might be a powan Coregonus lavaretus. The fish was kept frozen at the FRS Freshwater 
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Laboratory, Pitlochry, until it was examined by Ross Gardiner in April 2007 after which it was 
passed to Peter Maitland who confirmed its identification as a vendace. 
 
The fish was 234 mm fork length (264 mm total length) and 129.8 g in weight. There was a 
separate note with the fish which says “John Nicol, Canon Bryne Glebe, Kirkcaldy 01592 
261828. Powan? Caught Mid-July 2005 on Loch Earn near to the south Loch Earn Caravan 
Park. Fish took in about 10 feet of water on a Kate McLaren fly.” 
  
Almost certainly this fish is a descendent of fry from Bassenthwaite Vendace fry put there in 
the spring of 1988, as reported by Maitland & Lyle (1990). 
  
The specimen was aged from scales as being 5+ which meant that it could not be one of the 
original fry, indicating that the original stock had bred and indeed probably gone through 
several generations. Thus it seemed likely that there may be an established population in 
Loch Earn. As the Bassenthwaite stock is almost certainly extinct (Winfield et al. 2007), such 
a population has substantial conservation value and, perhaps, could eventually be used to 
restore vendace to Bassenthwaite Lake, once conditions there have improved. 
 
  
2. OBJECTIVES  
 
The principal objective of the study, using hyrdoacoustics and gill netting, was to determine 
the status of vendace in Loch Earn and its ecology in relation to the rest of the fish 
community there. 
 
A secondary objective was to collect tissue from any vendace and other salmonoids caught 
and provide this to other projects for genetic and isotope studies. 
 
 
3. METHODS  
 
3.1 Hydroacoustics  
 
The Site Condition Monitoring (SCM) protocols of Bean (2003a) and Bean (2003b) for Arctic 
charr and whitefish (C. albula and C. lavaretus), respectively, are commendably specific with 
respect to the required methodology.  The approach taken here is effectively identical to 
previous SCM studies for these species carried out by the Centre for Ecology and Hydrology 
for SNH (e.g. Winfield et al. (2006a), Winfield et al. (2006b), Winfield et al. (2006c)), the only 
differences being minor changes in some of the equipment which simply follow technical 
developments and the fieldwork being undertaken in early September just outside the July to 
August sampling window preferred by Bean (2003a, b). 
 
3.1.1  Field work 
 
Prior to arrival at the site, transects for a hydroacoustic survey were planned such that they 
followed a discrete systematic parallel design and took into account the coverage ratio of 
6.5:1 recommended by Bean (2003a, b), although battery power and other logistical 
considerations are limiting issues at water bodies as large as Loch Earn. 
 
Echo sounding was carried out using a BioSonics DT-X echo sounder with a 200 kHz split-
beam vertical transducer of beam angle 6.5 operating under the controlling software Visual 
Acquisition Version 5.0.4 (BioSonics Inc, Seattle, U.S.A.).  Throughout the surveys, data 
threshold was set at -70 dB, pulse rate at 5 pulses s-1, pulse width at 0.4 ms, and data 
recorded from a range of 2 m from the transducer.  In addition to the real-time production of 
an echogram through a colour display on a laptop computer, data were also recorded to hard 
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disc.  The system was deployed from a 4.0 m inflatable rib dinghy powered by a 40 horse 
power petrol outboard engine and moving at a speed of approximately 2 m s-1, depending on 
wind conditions.  The transducer was positioned approximately 0.5 m below the surface of 
the water.  Navigation was accomplished using a Garmin GPSMAP 60CSx Global 
Positioning System (GPS) (www.garmin.com) with accuracy to less than 10 m, while a JRC 
Model DGPS212 GPS (www.jrc.co.jp) with accuracy to less than 5 m transmitted location 
data directly to the hydroacoustic system where they were incorporated into the recorded 
hydroacoustic data files.  Prior to the surveys, the hydroacoustic system had been calibrated 
using a tungsten carbide sphere of target strength (TS) -39.5 dB at a sound velocity of 1470 
m s-1. 
 
On 3 September 2007, surface water temperature was recorded at an inshore location 
before a day-time hydroacoustic survey was undertaken following the initial plan where 
possible, although loch bathymetry and other obstacles encountered in the field necessitated 
some minor adaptive changes towards a discrete random parallel design moving from east to 
west as shown in Fig. 1 (10 day-time transects, c. 15.39 to 18.24 hours).  Corresponding 
waypoints used to navigate a subsequent night-time survey (10 night-time transects, c. 21.35 
to 23.18 hours) are given in Table 1.  Following Jurvelius (1991), coverage ratios (length of 
survey : square root of the research area) were calculated with respect to Loch Earn’s 
nominal total surface area and with respect to the area bounded by the eastern-most and 
western-most transects and thus actually surveyed. 
 
3.1.2  Laboratory examination and analysis 
 
Subsequent data analysis in the laboratory was performed by trace formation, also known as 
fish tracking, using Echoview Version 3.25.55.00 (SonarData, Hobart, Australia, 
www.sonardata.com) with a target threshold of -70 dB and all other tracing parameters set to 
default values.  This process was applied individually to each transect of the night-time 
surveys and to the combined surveys for both day-time and night-time exercises. 
 
Data analysis divided the water column of each transect into 1 m deep strata from a depth of 
2 m below the transducer down to the lake bottom.  Fish counts were converted to fish 
population densities expressed as individuals per hectare of lake surface area for each 
transect by the use of a spreadsheet incorporating the insonification volume for each depth 
stratum. 
 
Estimates of target strengths produced by Echoview were converted to fish lengths using the 
relationship described by Love (1971), 
 
TS = (19.1 log L) – (0.9 log F) – 62.0 
 
where TS is target strength in dB, L is fish length in cm, and F is frequency in kHz.  Targets 
were then pooled into three length classes of small (i.e. -52 to -45 dB, length 40 to 99 mm), 
medium (-44 to -37 dB, length 100 to 249 mm) and large (greater than -37 dB, length 250 
mm and greater) fish and the above calculations of fish population densities repeated for 
small, medium and large fish. 
 
Following Jurvelius (1991) and Baroudy & Elliott (1993), the average population density of 
fish during the night-time survey was calculated as the geometric mean with 95% confidence 
limits of the component transects using log(x+1)-transformed data.  Confidence limits could 
not be calculated for the fish density estimates for the combined transects, but such 
estimates were made in order to allow comparisons between apparent fish abundance during 
day-time and night-time.  Analysis for each day-time transect was considered to be 
unwarranted in the present context and, unless specified otherwise, all subsequent 
references to data relate to those recorded during night-time. 
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Estimates of the abundance of all species were converted to species-specific estimates 
using offshore (i.e. simple unweighted pooling of offshore bottom and offshore surface) 
community composition data from the gill-netting survey as described below.  In addition, the 
mean with 95% confidence limits percentage contribution by small (assumed to be 0+/1+ age 
class) individuals to the combined offshore fish populations was calculated using arcsine-
transformed data from each transect on which fish were recorded. 
 
In addition, each echogram was inspected visually for any signs of vendace presence as 
judged on the basis of the authors’ extensive experience of frequent hydroacoustic surveys 
for this species over the last 16 years.  Such features include dense shoals or a marked layer 
of fish targets at depth in deeper water bodies (e.g. Schmidt & Gassner, 2006), or large 
numbers of grouped fish in close proximity to the loch bottom in shallower sites (e.g. Winfield 
et al., 1994).  It must be noted, however, that any such features can only be taken to be 
indicative and are not definitive.  Furthermore, they are only likely to be apparent if significant 
numbers of vendace are present. 
 
3.1.3  Gill netting data 
 
Data on the identities and numbers of fish sampled using offshore sets of basic and pelagic 
versions of the Norden survey gill net, which was formerly known as the Nordic survey gill 
net (Appelberg, 2000), between 3 and 7 September 2007 were obtained from the parallel 
project described below. 
 
3.2 Gill netting 
 
3.2.1 Netting – protocol  
 
Following the initial hydroacoustic runs, gill netting was carried out using Norden survey 
monofilament gill nets (Appelberg et al. 1995) of the benthic and pelagic specifications given 
in  (Bean, 2003b). These are as follows: 
 
a) Benthic Norden gill nets are 30 x 1.5 m with 12 different meshes ranging from 5-55 
mm (bar mesh). 
b) Pelagic Norden gill nets are 27.5 x 6 m with 11 different meshes ranging from 8-55 
(bar mesh).  
 
3.2.2 Netting – target meshes  
 
In addition to the standard Norden gill nets used as part of the protocol, two gangs of single 
mesh benthic gill nets were used during the study. These were nets specifically made up with 
appropriate mesh sizes to catch adult vendace and have been used successfully for vendace 
at Derwent Water (Lyle et al. 2006). The details of these monofilament nets are as follows: 
 
a) Gang of three nets each 25x1.8 m, with meshes of 19, 22 and 25 mm (bar mesh) 
respectively.  
b) Gang of four nets each 30x3 m, with meshes of 16.5, 18.5, 22 and 25 mm (bar mesh) 
respectively.  
 
The locations of all gill nets set was recorded using GPS systems. Their positions are shown 
in Figure 4 with full details given in Table 3. 
 
The weather was reasonably calm during the netting work but other factors restricted it. The 
netting protocol requires that ‘Nets should be set one hour before dusk and retrieved one 
hour after dawn’. However, the presence of ospreys Pandion halietus at Loch Earn and their 
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liability to be caught in nets made the situation more complex. The advice from SNH was as 
follows: ’The law  in respect of ospreys and your situation is that it is an offence to 
deliberately or recklessly capture, injure or kill an osprey. If you set out the gill nets in an area 
where you know ospreys fish, and in such a way so as there is a high chance of ospreys 
getting caught in them, then your actions, if an osprey was caught, could be deemed as 
being reckless.’ Thus, since ospreys were actively fishing at Loch Earn during the period of 
field work, it was necessary to wait until dusk before setting pelagic nets, which had to be 
retrieved just before dawn. This may well have affected the catch in pelagic nets as many 
fish are most active at dusk and dawn. 
 
3.2.3 Processing catches 
 
Processing of catches was carried out using the standard procedures described by Bean 
(2003b). As soon as possible after capture, fish were identified and measured for fork length 
(mm) and weight (g). Samples of muscle and fin tissues were taken for associated projects. 
Each fish was then labelled and frozen individually in a plastic bag. 
 
In the laboratory, scales, opercular bones and, in some cases (Arctic charr), otoliths, were 
removed from all Brown and Rainbow Trout and from 45 Arctic charr for age determination. 
Each fish was assessed for symmetry as well as the presence of external and gill parasites. 
Stomach contents were taken from all brown and rainbow trout and from 45 Arctic charr for 
analysis and preserved in 75% alcohol. 
 
The contents of each stomach were identified as far as feasible and assessed subjectively in 
terms of % bulk (Hynes 1950, Maitland 1965). 
 
After cleaning, scales were examined in water, otoliths in a 50:50 glycerine:water mixture 
whilst opercular bones were all scanned in appropriate light and later examined enlarged on 
computer screen. 
 
 
4. RESULTS  
 
4.1 Hydroacoustics  
 
Surface water temperature was 15.9 ° C at 14.45 hours.  The surveys achieved a coverage 
ratio of 2.7:1 with respect to total surface, while for the area actually surveyed this figure was 
3.0:1. 
 
Figure 2 presents an example echogram while abundance estimates for small, medium and 
large fish are given in Figure 3.  The latter data are also given in numerical form in Table 2.  
Geometric mean abundance of all sizes of all fish was 116.3 fish ha-1, with lower and upper 
95% confidence limits of 96.3 and 140.4 fish ha-1, respectively.  Of these fish, 83% were 
classified as small (40 to 99 mm in length), 12% as medium (100 to 249 mm in length) and 
4% as large (250 mm and greater in length).  For the combined night-time survey, the 
abundance of all sizes of all fish was 115.0 fish ha-1 (comprising 95.9 small, 13.3 medium 
and 5.9 large fish ha-1), while the equivalent figure for the day-time survey was 35.3 fish ha-1 
(comprising 13.9 small, 11.8 medium and 9.6 large fish ha-1). 
 
Fish sampled by offshore survey gill nets (see below) comprised a total of 52 individuals of 
four species including three (6% of total catch) Arctic charr, 31 (60% of total catch) brown 
brout, 14 (27% of total catch) rainbow trout and 4 (8% of total catch) three-spined stickleback 
(Gasterosteus aculeatus).  No vendace were recorded, despite extensive spatial coverage 
and a high sampling effort including additional non-standard gill nets not considered here 
(but see below).  Using this composition of the offshore fish community, the overall 
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abundance of 116.3 fish ha-1 converted to species-specific abundances of 7.0 fish ha-1 for 
Arctic charr, 69.8 fish ha-1 for brown trout, 31.4 fish ha-1 for rainbow trout and 9.3 fish ha-1 for 
three-spined stickleback. 
 
The mean percentage contribution by small (assumed to be 0+/1+ age class) individuals to 
the combined offshore fish populations (identification to species was not possible) was 83%, 
with lower and upper 95% confidence limits of 75% and 91%, respectively. 
 
Visual inspections of echograms revealed no indicative signs of vendace presence and were 
similar to echograms recorded at other lochs surveyed by the authors and known to be 
dominated by Arctic charr and other salmonids (e.g. Winfield et al., 2006a, b). 
 
4.2 Fish catches  
 
Detailed information on all the fish caught is given in Appendix 1. The full catch consisted of 
119 Arctic charr, 31 brown trout, 15 rainbow trout and four three-spined sticklebacks. No 
vendace were caught. 
 
Arctic charr was by far the commonest species in the total catch and the population appears 
to be thriving. The smallest charr was a male, 137 mm in length and 28 g in weight; the 
largest was also a male, 315 mm in length and 327 g in weight. The largest female was 281 
mm and 250 g. 
 
Brown trout were relatively much less common than Arctic charr in the areas netted (note: no 
netting was carried out in shallow littoral areas, often dominated by Brown trout). Several 
specimens appeared to be stocked fish and had severely deformed pectoral fins. The 
smallest brown trout was a female, 146 mm in length and 36 g in weight; the largest was a 
male of 430 mm and 1,278 g. The largest female was 310 mm and 315 g. 
 
Rainbow trout were less common than brown trout and all were assumed to be farm 
escapees. None had detectable gonads. Some had obviously escaped relatively recently and 
had worn fins and very poor flesh condition. The smallest rainbow trout was 160 mm and 47 
g, the largest was 275 mm and 228 g. 
 
Three-spined sticklebacks were only caught on one occasion – all occurred in the finer 
meshes of a benthic Norden net set at Site 1 (Figure 4). 
 
4.3 Fish diet 
 
Full details of the stomach contents of the fish examined are given in Table 6, summarised in 
Figure 10. Some clear differences in the diets of different species are evident. 
 
Small and medium sized Arctic charr relied mainly on zoobenthos (mostly chironomid larvae 
and pupae with some Pisidium) with little in the way of zooplankton, in contrast to large charr 
which ate mainly zooplankton (dominated by Daphnia). Brown trout also relied to a large 
extent on zooplankton (both Daphnia and Chaoborus were important here), supplemented in 
small trout with zoobenthos, but in large trout with terrestrial insects from the surface.  The 
diet of rainbow trout was dominated by surface insects, with lesser amounts of zoobenthos 
and zooplankton. Three-spined sticklebacks relied almost entirely on small zoobenthos.  
 
Two of the brown trout had been feeding on fish. One, a male of 284 mm and 264 g 
contained two unidentified fish, both ca 80 mm in length. The other, the largest brown trout, a 
male of 430 mm and 1,278 g, contained two small Arctic charr, both ca 120 mm in length. 
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4.4 Fish age and growth 
 
Ages of Arctic charr were established mainly from operculars and otoliths and Brown Trout 
from operculars and scales. Ageing of Rainbow Trout was discontinued because almost all of 
them had spent varying periods in captivity. 
 
The growth of Arctic Charr in Loch Earn appears to be similar to that recorded there 
previously (Barbour 1987) and to that recorded from some other oligotrophic lochs in 
Scotland (Maitland et al. 1984, Greer 1995). The growth of Brown Trout too was similar to 
that recorded previously in other oligotrophic highland lochs (Campbell 1971). 
 
 
5. DISCUSSION 
 
A major objective of this project was to apply the hydroacoustic component of the whitefish 
assessment protocol of Bean (2003b) to Vendace in Loch Earn. However, no indicative signs 
of Vendace were apparent on any echograms and extensive gill netting failed to capture a 
single specimen. Consequently, only limited discussion of the hydroacoustic findings is 
warranted here. 
 
The absence of indications of Vendace presence from echograms and the absence of 
specimens from gill-net catches both suggest that if the species has indeed become 
established in Loch Earn, then it is currently present at a low abundance.  As noted earlier, 
indicative hydroacoustic features of Vendace presence such as dense shoals or a marked 
layer of fish targets at depth (e.g. Schmidt & Gassner, 2006) or large numbers of grouped 
fish in close proximity to the loch bottom in shallower sites (e.g. Winfield et al., 1994) are only 
likely to be apparent if significant numbers of Vendace are present. 
 
The overall fish abundance at Loch Earn of 116.3 fish ha-1 (with lower and upper 95% 
confidence limits of 96.3 and 140.4 fish ha-1, respectively) may be put into the context of 
other salmonid-dominated lochs by reference to the findings of Winfield et al. (2006a) and 
Winfield et al. (2006b).  These SCM activities reported corresponding abundances of 5.5 fish 
ha-1 (1.9 and 15.8 fish ha-1) for Loch Builg, 5.7 fish ha-1 (2.2 and 14.5 fish ha-1) for Loch 
Doon, 31.5 fish ha-1 (14.0 and 70.8 fish ha-1) for Loch of Girlsta and 476.9 fish ha-1 (366.5 
and 620.6 fish ha-1) for Loch Insh.  Thus, fish abundance at Loch Earn falls within the range 
of values reported for this diverse array of lochs.  Moreover, in an extensive analysis of these 
and other hydroacoustic data, Winfield et al. (in press) found a significant positive 
relationship between fish abundance and winter levels of total phosphorus.  Similar analysis 
for Loch Earn would be informative if such phosphorus data can be obtained, although local 
fishery and aquaculture practices may be complicating factors. 
 
The mean percentage contribution by small (assumed to be 0+/1+ age class) individuals to 
the combined offshore fish populations (identification to species was not possible) of 83% 
(with lower and upper 95% confidence limits of 75% and 91%, respectively) is indicative of 
recent recruitment. Incidentally, this value is higher than the criterion of 70% for the 
population demographic structure of Arctic charr to achieve favourable condition under SCM 
by Bean (2003a). 
 
In terms of further activities at Loch Earn in the context of the assessment of its Vendace 
refuge population, further hydroacoustic surveys are not recommended for the foreseeable 
future because they would be unable to produce any substantial advance in pertinent 
information. 
 
The results of both netting and diet indicate clear differences in the niches occupied by Arctic 
Charr and Brown Trout. The great majority of the small and medium Arctic Charr were 
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caught near the bottom and their main food was zoobenthos. Large Arctic Charr were also 
caught mainly on the bottom but fed on zooplankton. In contrast, almost all the Brown Trout 
were caught in pelagic nets near the surface where they were feeding on zooplankton and 
surface insects. A similar niche appears to be occupied by Rainbow Trout whose main diet 
was surface insects. 
 
It is disappointing that no Vendace were caught during this study. However, one of the main 
objectives of the project was to determine the status of Vendace in Loch Earn, and it is 
reasonable to assume – from the results of both hydroacoustics and extensive gill netting – 
that the population, if indeed present at all (see below), is small.  
 
The 1988 introduction of Vendace was carried out near the start of a 5-year Nature 
Conservancy Council contract for research on freshwater fish conservation. This was the first 
time that any proper attention had been paid to the status and conservation needs of this 
group of vertebrates in Britain. It became clear very quickly that the stock of Vendace in 
Bassenthwaite Lake was declining (and is probably now extinct) and so, with the availability 
of a successful hatch of Bassenthwaite eggs, a decision was taken to introduce fry to Loch 
Earn as a suitable habitat whose outflow leads to no other standing water. Guidelines for fish 
translocations (Maitland & Lyle 1992) had not yet been developed; these would now rule out 
Loch Earn. Similarly, past introductions by others elsewhere in Scotland (DAFS 1975, 1978) 
would now be unacceptable. 
 
Though no Vendace were caught during the present study, it would seem that: 
 
1. There is no evidence of damage to Arctic Charr in Loch Earn, where there appears to 
be a healthy stock of this species.  
2. If indeed a Vendace population is properly established in Loch Earn (and this seems, 
on current evidence, to be unlikely), it and that in Loch Skeen may have saved the 
Bassenthwaite stock from extinction and offers the possibility of eventually restocking 
the parent lake.  
3. The situation at Loch Earn does warrant further investigation – especially at Vendace 
spawning time (early December) when there is the greatest chance of catching adults 
on spawning grounds. 
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Figure 1.  Locations of 10 hydroacoustic transects (with the direction of travel indicated by an 
arrowhead) used at Loch Earn.  Detailed location data are presented in Table 1.  Scale is 
indicated by the 1 km grid.  Based upon Ordnance Survey 1:25000 data which are © Crown 
copyright 2007.  All rights reserved Scottish Natural Heritage 100017908 (2007). 
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Figure 2.  Example night-time echogram from Transect 5 recorded near the middle of Loch 
Earn at 22.25 hours. 
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Figure 3.  Abundance estimates (geometric means with 95% confidence limits) for small 
(length 40 to 99 mm), medium (length 100 to 249 mm) and large (length 250 mm and 
greater) fish in Loch Earn. 
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Figure 4. Netting sites in Loch Earn (see also Table 3). Depths (from Murray & Pullar 1910) 
in feet. Loch Earn has a length of 10.4 km and an average width of about 1 km. 
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Figure 5. Length frequency distribution of Arctic Charr, Brown Trout and Rainbow Trout from 
Loch Earn. Note – sex was not identifiable for Rainbow Trout. 
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Figure 6. Weight frequency distribution for Arctic Charr, Brown Trout and Rainbow Trout from 
Loch Earn. Note – sex was not identifiable for Rainbow Trout. 
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Figure 7. Length / weight relationships for Arctic Charr, Brown Trout and Rainbow 
Trout caught at Loch Earn. 
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Figure 8. Numbers of species of fish caught at Loch Earn in different depth ranges. 
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Figure 9. Ranges and frequency of fish lengths caught by different net mesh sizes. 
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Figure 10. The main diets of fish in Loch Earn by % bulk – (B) zoobenthos, (P) zooplankton, 
(S) surface insects, (F) fish, (O) other items, mainly detritus. 
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Figure 11a. Length / age data for Arctic Charr from Loch Earn. 
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Figure 11b. Length / age data for Brown Trout from Loch Earn. 
 
 
Brown Trout
Loch Earn 2007
0
50
100
150
200
250
300
350
400
450
0 1 2 3 4 5 6 7 8 9
LE
N
G
TH
 IN
 M
M
AGE IN YEARS
  23
 
Table 1.  GPS locations for 10 hydroacoustic transects used at Loch Earn.  Locations are 
given in degrees and decimal minutes. 
 
Event Latitude (North) Longitude (West) 
Transect 1 start 56, 23.453 4, 7.686 
Transect 1 end 56, 23.740 4, 7.723 
Transect 2 start 56, 23.800 4, 8.611 
Transect 2 end 56, 23.401 4, 8.594 
Transect 3 start 56, 23.201 4, 9.358 
Transect 3 end 56, 23.622 4, 9.479 
Transect 4 start 56, 23.570 4, 10.481 
Transect 4 end 56, 23.088 4, 10.399 
Transect 5 start 56, 22.992 4, 11.434 
Transect 5 end 56, 23.513 4, 11.493 
Transect 6 start 56, 23.449 4, 12.414 
Transect 6 end 56, 22.954 4, 12.376 
Transect 7 start 56, 22.842 4, 13.220 
Transect 7 end 56, 23.397 4, 13.474 
Transect 8 start 56, 23.284 4, 14.406 
Transect 8 end 56, 22.854 4, 14.277 
Transect 9 start 56, 22.826 4, 15.140 
Transect 9 end 56, 23.256 4, 15.402 
Transect 10 start 56, 23.148 4, 16.246 
Transect 10 end 56, 22.745 4, 16.035 
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Table 2.  Abundance estimates for Loch Earn (geometric means with lower and upper 95% 
confidence limits) by size class (small, length 40 to 99 mm;  medium, length 100 to 249 mm;  
large, length 250 mm and greater) and for all fish.  Percentage contribution (mean with lower 
and upper 95% confidence limits) by small (assumed to be 0+/1+ age class) individuals to 
the combined offshore fish populations is also given. 
 
Abundance (fish ha-1) 
Small Medium Large All 
Contribution by small 
(0+/1+) individuals 
(%) 
95.9 
(78.5, 117.1) 
14.0 
(11.5, 17.2) 
4.6 
(1.9, 10.9) 
116.3 
(96.3, 140.4) 
83 (75, 91) 
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Table 3. Details of sites and netting carried out at Loch Earn (see also Figure 4). See text for 
details of net meshes. 
___________________________________________________________________ 
 
 
 
 
 
 
 
 
SITE NORTH WEST DEPTH (m) 
MESH 
(mm) 
NET 
AREA 
(m2) 
DATE 
(2007) 
TIMES 
SET 
NET 
PERIOD 
hours 
1 56o22’51’’ 4o15’11’’ 10 Benthic Norden 45 
3-4 
Sep 
19.30- 
07.45h 12.25 
2 56o22’53’’ 4o15’10’’ 23.5 Benthic Norden 45 
3-4 
Sep 
19.40- 
07.50h 12.17 
3 56o22’57’’ 4o15’11’’ 38 Pelagic Norden 165 3 Sep 
20.15h 
n/a n/a 
4 56o22’52’’ 4o15’08’’ 30 4-mesh 360 4 Sep 11.40- 15.40h 4.0 
5 56o23’17’’ 4o15’15’’ 24.5 3-mesh 135 4 Sep 14.15- 16.15h 2.0 
6 56o23’20’’ 4o13’20’’ 30 Pelagic Norden 165 
4-5 
Sep 
19.45- 
07.05h 11.33 
7 56o23’26’’ 4o13’18’’ 10.5 Benthic Norden 45 
4-5 
Sep 
20.15- 
06.05h 9.83 
8 56o23’26’’ 4o13’14’’ 24.5 Benthic Norden 45 
4-5 
Sep 
20.20- 
06.10h 9.83 
9 56o22’52’’ 4o15’08’’ 23 3-mesh 135 4-5 Sep 
20.30- 
06.20h 9.83 
10 56o23’8’’ 4o11’07’’ 25 4-mesh 360 5 Sep 13.20- 17.20h 4.0 
11 56o23’36’’ 4o11’01’’ 16.5 Benthic Norden 45 
5-6 
Sep 
19.40- 
06.37h 10.95 
12 56o23’34’’ 4o11’01’’ 29.5 4-mesh 360 5-6 Sep 
19.45- 
06.45h 11.0 
13 56o23’06’’ 4o11’00’’ 22.5 3-mesh 135 5-6 Sep 
20.15- 
06.00h 9.75 
14 56o23’07’’ 4o10’039’’ 10.5 Benthic Norden 45 
5-6 
Sep 
20.20- 
06.10h 9.83 
15 56o 23’ 9’’ 4o10’48’’ 19 Pelagic Norden 165 
5-6 
Sep 
20.45- 
06.20h 9.58 
16 56o23’34’’ 4o09’28’’ 64 4-mesh 360 6-7 Sep 
13.10-
06.35h 17.42 
17 56o23’36’’ 4o08’08’’ 28 3-mesh 135 6-7 Sep 
14.10- 
06.55h 16.75 
18 56o23’30’’ 4o08’28’’ 15 Benthic Norden 45 
6-7 
Sep 
18.00- 
06.05h 12.08 
19 56o23’51’’ 4o08’29’’ 8 Benthic Norden 45 
6-7 
Sep 
18.15- 
06.15h 12.0 
20 56o23’42’’ 4o09’12’’ 53.8 Pelagic Norden 165 
6-7 
Sep 
19.00- 
06.20h 11.33 
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 Table 4. Numbers of fish caught at each site in Loch Earn. 
 
 
Net site 
 
Arctic Charr Brown Trout Rainbow 
Trout 
Three-spined 
Stickleback 
 
Net type 
1 0 
 
0 0 4 Benthic 
Norden 
2 0 0 0 0 Benthic 
Norden 
3 0 0 0 0 Pelagic 
Norden 
4 9 0 0 0 Benthic        
4-mesh 
5 1 0 0 0 Benthic 
3-mesh 
6 0 6 2 0 Pelagic 
Norden 
7 0 0 0 0 Benthic 
Norden 
8 2 0 0 0 Benthic 
Norden 
9 35 0 0 0 Benthic 
3-mesh 
10 6 0 0 0 Benthic 
4-mesh 
11 0 1 0 0 Benthic 
Norden 
12 18 0 0 0 Benthic 
4-mesh 
13 12 0 1 0 Benthic 
3-mesh 
14 0 0 0 0 Benthic 
Norden 
15 1 14 7 0 Pelagic 
Norden 
16 11 0 0 0 Benthic 
4-mesh 
17 24 0 0 0 Benthic 
3-mesh 
18 0 0 0 0 Benthic 
Norden 
19 0 3 0 0 Benthic 
Norden 
20 0 7 5 0 Pelagic 
Norden 
Total fish 
 
119 31 15 4  
__________________________________________________________________________ 
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Table 5. Catches and catch rates of the four types of net used at Loch Earn. The figures in 
brackets represent the numbers caught per 100 m2 of net in 10 hours. 
__________________________________________________________________________ 
 
 
Net type Total hours 
set 
Arctic Charr Brown Trout Rainbow 
Trout 
Three-spined 
Stickleback 
 
Benthic 
Norden 
 
88.94 2 (0.50) 4 (1.0) 0 (0) 4 (1.0) 
Pelagic 
Norden 
 
32.24 1 (0.19) 27 (5.08) 14 (2.63) 0 (0) 
Benthic       
3-mesh 
 
38.33 72 (13.91) 0 (0) 1 (0.19) 0 (0) 
Benthic       
4-mesh 
 
36.42 44 (3.36) 0 (0) 0 (0) 0 (0) 
Total fish 
 
 119  31 15 4 
 
__________________________________________________________________________ 
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Table 6. Food of fish in Loch Earn estimated by % Occurrence (%O) and by % Bulk (%B). 
__________________________________________________________________________ 
 
 
Food item 
 
 
 
 
 
Vendace 
 
 
(n = 1) 
 
Arctic  
Charr 
(small) 
(n= 15) 
 
Arctic  
Charr 
(medium) 
(n= 15) 
 
Arctic  
Charr 
(large) 
(n= 15) 
 
Brown 
Trout 
(small) 
(n= 15) 
 
Brown  
Trout 
(large) 
(n= 16) 
 
 
Rainbow 
Trout 
 
(n= 15) 
 
3-spined 
Stickleback 
 
(n= 4) 
                 
 
 
 
 
%O 
 
 
%B 
 
%O 
 
%B 
 
%O 
 
%B 
 
%O 
 
%B 
 
%O 
 
%B 
 
%O 
 
%B 
 
%O 
 
%B 
 
%O 
 
%B 
                 
 
Oligochaeta 
 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
25.0 
 
7.5 
 
Pisidium 
 
 
0 
 
0 
 
46.6 
 
11.3 
 
60.0 
 
13.1 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
Diaptomus 
 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
6.7 
 
0.4 
 
6.7 
 
0.9 
 
0 
 
0 
 
0 
 
0 
 
Daphnia 
 
 
100 
 
85 
 
6.7 
 
3.3 
 
6.7 
 
3.9 
 
60.0 
 
93.9 
 
53.3 
 
41.2 
 
46.7 
 
40.9 
 
26.7 
 
10.4 
 
0 
 
0 
 
Bosmina 
 
 
0 
 
0 
 
6.7 
 
3.3 
 
0 
 
0 
 
33.3 
 
4.4 
 
6.7 
 
0.4 
 
6.7 
 
2.7 
 
0 
 
0 
 
0 
 
0 
 
Chironomid L 
 
 
0 
 
0 
 
93.3 
 
59.3 
 
80.0 
 
47.9 
 
20.0 
 
1.7 
 
60.0 
 
18.1 
 
6.7 
 
0.9 
 
13.3 
 
1.8 
 
50.0 
 
16.3 
 
Chironomid 
P 
 
0 
 
0 
 
66.7 
 
16.3 
 
80.0 
 
24.2 
 
0 
 
0 
 
40.0 
 
12.3 
 
26.7 
 
3.6 
 
33.3 
 
22.9 
 
100 
 
70.0 
 
Chaoborus L 
 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
26.7 
 
24.2 
 
20.0 
 
21.8 
 
0 
 
0 
 
0 
 
0 
 
Trichoptera L 
 
 
0 
 
0 
 
13.3 
 
1.0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
Fish 
 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
6.7 
 
9.1 
 
0 
 
0 
 
0 
 
0 
 
Terrestrial 
Hemiptera 
 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
6.7 
 
5.5 
 
13.3 
 
3.9 
 
0 
 
0 
 
Terrestrial 
Hymenoptera 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
13.3 
 
5.9 
 
66.7 
 
33.6 
 
0 
 
0 
 
Terrestrial 
Plecoptera 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
6.7 
 
1.4 
 
0 
 
0 
 
0 
 
0 
 
Terrestrial 
Coleoptera 
 
 
100 
 
15 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
6.7 
 
5.5 
 
40.0 
 
16.4 
 
0 
 
0 
 
Terrestrial 
Diptera 
 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
26.7 
 
7.1 
 
0 
 
0 
 
Terrestrial 
vegetation 
 
 
0 
 
0 
 
0 
 
0 
 
6.7 
 
3.9 
 
0 
 
0 
 
0 
 
0 
 
0 
 
0 
 
13.2 
 
2.9 
 
0 
 
0 
 
Detritus 
 
 
0 
 
0 
 
66.7 
 
5.3 
 
60.0 
 
6.2 
 
0 
 
0 
 
33.3 
 
3.1 
 
20.0 
 
2.0 
 
13.2 
 
1.1 
 
75.0 
 
6.3 
 
__________________________________________________________________________ 
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Plate 1. The specimen of Vendace caught in Loch Earn (see text for details). 
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Appendix 1. Primary data on the fish caught in Loch Earn, 3-7 September, 2007. 
__________________________________________________________________________ 
 
CODE DATE SPECIES LENGTH WEIGHT SEX GEN ISO AGE STO SITE MESH
 (Sep)  (mm) (gm       (mm) 
            
1 4 A Charr 192 75 F yes yes yes E 4 18.5
2 4 A Charr 180 64 F yes yes   4 18.5
3 4 A Charr 150 37 M yes yes yes yes 4 18.5
4 4 A Charr 148 37 M yes yes yes yes 4 18.5
5 4 A Charr 233 145 F yes yes   4 22
6 4 A Charr 246 154 F yes yes   4 22
7 4 A Charr 192 82 F yes yes yes yes 4 22
8 4 A Charr 149 39 M yes yes yes yes 4 16.5
9 4 A Charr 170 51 F yes yes   4 16.5
10 4 A Charr 195 74 M yes yes   5 22
11 5 A Charr 172 66 M yes yes   8 ben 
12 5 A Charr 191 76 M yes yes yes yes 8 ben 
13 5 A Charr 245 189 F yes yes   9 25
14 5 A Charr 249 193 M yes yes yes yes 9 25
15 5 A Charr 236 142 M yes yes   9 25
16 5 A Charr 197 89 M yes yes   9 25
17 5 A Charr 206 106 F yes yes   9 19
18 5 A Charr 190 77 F yes yes yes yes 9 19
19 5 A Charr 176 63 F yes yes   9 19
20 5 A Charr 188 73 F yes yes yes yes 9 19
21 5 A Charr 187 81 F yes yes yes yes 9 19
22 5 A Charr 211 105 F yes yes   9 19
23 5 A Charr 206 89 F yes yes   9 19
24 5 A Charr 195 79 M yes yes   9 19
25 5 A Charr 184 67 F yes yes   9 19
26 5 A Charr 205 95 F yes yes   9 19
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27 5 A Charr 182 70 M yes yes   9 19
28 5 A Charr 151 49 M yes yes yes yes 9 19
29 5 A Charr 171 58 F yes yes   9 19
30 5 A Charr 229 123 M yes yes   9 19
31 5 A Charr 187 79 F yes yes yes yes 9 22
32 5 A Charr 190 81 F yes yes yes yes 9 22
33 5 A Charr 168 55 F yes yes   9 22
34 5 A Charr 181 75 F yes yes   9 22
35 5 A Charr 202 95 F yes yes   9 22
36 5 A Charr 171 56 F yes yes   9 22
37 5 A Charr 182 67 M yes yes   9 22
38 5 A Charr 155 41 F yes yes yes yes 9 22
39 5 A Charr 176 59 F yes yes   9 22
40 5 A Charr 171 55 F yes yes   9 22
41 5 A Charr 160 45 M yes yes   9 22
42 5 A Charr 173 50 F yes yes   9 22
43 5 A Charr 154 40 M yes yes yes yes 9 22
44 5 A Charr 144 53 M yes yes yes yes 9 22
45 5 A Charr 154 40 F yes yes yes yes 9 22
46 5 A Charr 144 39 M yes yes yes yes 9 22
47 5 A Charr 151 41 F yes yes yes yes 9 22
48 5 B Trout 272 245 F yes yes yes yes 6 pel 
49 5 B Trout 271 210 F yes yes yes yes 6 pel 
50 5 B Trout 265 215 F yes yes yes yes 6 pel 
51 5 B Trout 206 98 M yes yes yes yes 6 pel 
52 5 B Trout 222 128 F yes yes yes yes 6 pel 
53 5 B Trout 211 103 M yes yes yes yes 6 pel 
54 5 R Trout 275 228 ? no yes yes yes 6 pel 
55 5 R Trout 209 107 ? no yes yes yes 6 pel 
56 5 A Charr 172 46 M yes yes   10 16.5
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57 5 A Charr 170 57 F yes yes   10 16.5
58 5 A Charr 150 37 M yes yes yes yes 10 18.5
59 5 A Charr 197 84 F yes yes   10 18.5
60 5 A Charr 191 74 F yes yes yes yes 10 18.5
61 5 A Charr 195 89 M yes yes   10 22
62 6 A Charr 289 256 M yes yes yes yes 12 25
63 6 A Charr 200 85 M yes yes   12 25
64 6 A Charr 165 54 M yes yes   12 25
65 6 A Charr 186 78 F yes yes   12 25
66 6 A Charr 308 345 M yes yes yes E 12 22
67 6 A Charr 194 82 M yes yes   12 22
68 6 A Charr 220 128 F yes yes   12 22
69 6 A Charr 205 91 F yes yes   12 22
70 6 A Charr 210 90 M yes yes   12 22
71 6 A Charr 169 60 F yes yes   12 22
72 6 A Charr 190 71 F yes yes yes yes 12 22
73 6 A Charr 172 58 F yes yes   12 22
74 6 A Charr 194 75 F yes yes   12 16.5
75 6 A Charr 157 44 F yes yes yes yes 12 16.5
76 6 A Charr 181 66 M yes yes   12 16.5
77 6 A Charr 163 45 F yes yes   12 16.5
78 6 A Charr 184 64 F yes yes   12 16.5
79 6 A Charr 164 50 M yes yes   12 16.5
80 6 A Charr 180 67 F yes yes   13 22
81 6 A Charr 191 70 M yes yes yes yes 13 22
82 6 A Charr 192 81 M yes yes   13 22
83 6 A Charr 186 72 F yes yes yes yes 13 22
84 6 A Charr 185 66 M yes yes   13 22
85 6 B Trout 287 257 M yes yes yes E 11 ben 
86 6 B Trout 430 1278 M yes yes yes yes 15 pel -E 
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87 6 B Trout 296 264 F yes yes yes yes 15 pel -E 
88 6 B Trout 310 315 F yes yes yes yes 15 pel -E 
89 6 B Trout 226 142 M yes yes yes yes 15 pel -E 
90 6 B Trout 275 213 M yes yes yes yes 15 pel -E 
91 6 B Trout 237 144 M yes yes yes E 15 pel -E 
92 6 B Trout 201 96 M yes yes yes E 15 pel -E 
93 6 B Trout 194 85 M yes yes yes yes 15 pel -E 
94 6 B Trout 185 74 M yes yes yes E 15 pel -E 
95 6 R Trout 270 238 ? no yes yes yes 15 pel -E 
96 6 R Trout 256 191 ? no yes yes yes 15 pel -E 
97 6 R Trout 208 110 ? no yes yes yes 15 pel -E 
98 6 R Trout 194 75 ? no yes yes yes 15 pel -E 
99 6 R Trout 272 217 ? no yes yes yes 15 pel -W
100 6 R Trout 242 163 ? no yes yes yes 15 pel -W
101 6 R Trout 173 55 ? no yes yes yes 15 pel -W
102 6 B Trout 262 199 F yes yes yes E 15 pel -W
103 6 B Trout 208 97 M yes yes yes yes 15 pel -W
104 6 B Trout 217 114 F yes yes yes yes 15 pel -W
105 6 B Trout 220 116 F yes yes yes yes 15 pel -W
106 6 B Trout 196 88 M yes yes yes yes 15 pel -W
107 6 A Charr 156 46 F yes yes yes yes 15 pel -W
108 6 A Charr 315 327 M yes yes yes E 13 25
109 6 A Charr 281 227 M yes yes yes E 13 25
110 6 A Charr 255 202 M yes yes yes E 13 25
111 6 A Charr 225 133 F yes yes   13 25
112 6 A Charr 205 96 F yes yes   13 25
113 6 A Charr 195 94 M yes yes   13 19
114 6 A Charr 160 42 F yes yes   13 19
115 6 R Trout 192 71 ? no yes yes E 13 19
116 7 A Charr 256 190 M yes yes yes yes 17 19
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117 7 A Charr 259 173 M yes yes yes yes 17 19
118 7 A Charr 164 55 M yes yes   17 19
119 7 A Charr 169 51 M yes yes   17 19
120 7 A Charr 281 250 F yes yes yes yes 17 22
121 7 A Charr 253 192 M yes yes yes yes 17 22
122 7 A Charr 213 120 F yes yes   17 22
123 7 A Charr 207 100 F yes yes   17 22
124 7 A Charr 199 96 F yes yes   17 22
125 7 A Charr 205 99 F yes yes   17 22
126 7 A Charr 197 95 M yes yes   17 22
127 7 A Charr 188 82 M yes yes yes yes 17 22
128 7 A Charr 176 68 M yes yes   17 22
129 7 A Charr 288 298 M yes yes yes E 17 25
130 7 A Charr 280 234 M yes yes yes yes 17 25
131 7 A Charr 260 215 F yes yes yes E 17 25
132 7 A Charr 257 205 M yes yes yes yes 17 25
133 7 A Charr 245 181 M yes yes   17 25
134 7 A Charr 254 194 F yes yes yes yes 17 25
135 7 A Charr 241 173 M yes yes   17 25
136 7 A Charr 218 118 F yes yes   17 25
137 7 A Charr 211 103 M yes yes   17 25
138 7 A Charr 218 122 M yes yes   17 25
139 7 A Charr 206 110 M yes yes   17 25
140 7 A Charr 158 45 F yes yes   16 18.5
141 7 A Charr 170 57 F yes yes   16 16.5
142 7 A Charr 182 70 F yes yes   16 16.5
143 7 A Charr 157 43 M yes yes yes yes 16 16.5
144 7 A Charr 183 71 F yes yes   16 16.5
145 7 A Charr 161 45 F yes yes   16 16.5
146 7 A Charr 137 28 M yes yes yes yes 16 22
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147 7 A Charr 177 64 M yes yes   16 22
148 7 A Charr 189 88 M yes yes yes E 16 22
149 7 A Charr 187 72 F yes yes yes yes 16 22
150 7 A Charr 195 89 F yes yes   16 22
151 7 B Trout 284 264 F yes yes yes yes 19 ben 
152 7 B Trout 216 122 M yes yes yes yes 19 ben 
153 7 B Trout 146 36 F yes yes yes yes 19 ben 
154 7 B Trout 368 468 M yes yes yes E 20 pel-W 
155 7 B Trout 260 191 M yes yes yes yes 20 pel-W 
156 7 B Trout 193 90 M yes yes yes yes 20 pel-W 
157 7 R Trout 206 98 ? no yes yes yes 20 pel-W 
158 7 R Trout 188 74 ? no yes yes yes 20 pel-W 
159 7 R Trout 160 47 ? no yes yes yes 20 pel-W 
160 7 B Trout 245 167 M yes yes yes yes 20 pel-E 
161 7 B Trout 194 83 M yes yes yes yes 20 pel-E 
162 7 B Trout 183 74 M yes yes yes yes 20 pel-E 
163 7 B Trout 179 63 F yes yes yes yes 20 pel-E 
164 7 R Trout 184 68 ? no yes yes yes 20 pel-E 
165 7 R Trout 180 64 ? no yes yes yes 20 pel-E 
166 4 Stickle-3 65    no yes yes  1 ben 
167 4 Stickle-3 52   no yes yes  1 ben 
168 4 Stickle-3 54   no yes yes  1 ben 
169 4 Stickle-3 61   no yes yes  1 ben 
__________________________________________________________________________ 
